The article presents the research results of welding of non-alloy steel C45 by laser metal deposition (LDT) with Stellit powder and high-chromium. The occurrence of cracks in the weld was found, with specific production parameters, which should be associated with variable parameters of heat supply and heat dissipation on the unheated substrate.
Introduction
The main criterion for the division of layered production is the method of material feeding: using a filled platform and regularly leveled with the powder (powder bed) or direct point deposition (direct deposition) [1] .
There are many manufacturing methods, in which a model is shaped by the continuous increase of the material until the required shape is obtained [2, 3] . LDT (laser deposition technology) plays an important role. It is a process, in which metal powder is injected into a focused beam of high power laser in strictly controlled atmospheric conditions. Quality of the manufactured element or layer is affected by the impact of laser radiation on the material, which depends primarily on: ■ type of material, ■ radiation wavelength, ■ radiation power density, ■ radiation exposure time to the material. By using different combinations of power density and exposure time, it is possible to run various technological processes. Most of them use the effect of heating and melting the surface layer.
The force of laser beam interaction on the material is related to the absorption of laser radiation (photons). Absorption capacity mainly depends on the radiation length and temperature of the material. The shorter the wavelength, the higher the absorption.
The lowest absorption capacity is observed for metals with high thermal conductivity. Absorption of radiation increases with temperature due to the surface oxidation. Oxides absorb radiation much better. This means that pre-heating of the surface increases the absorption of radiation [4] .
Absorption of high-energy laser radiation in a short period of time can cause a pressure wave in the material, which in turn causes tensile stress leading to microcracks.
The occurrence of tensile stress in the surface layer in the case of a laser alloying of steel with Stellite is presented, among others, in works [4, 5] .
The structure and quality of element produced by deposition of metal powder is largely influenced by the value of the feed of the working table. This is due to the connection with the rate of heat dissipation [6, 7] . Concentrated laser beam melts the surface of the target material and produces a small molten layer of the base material. Material, in the form of powder, is supplied to the pool of the base material in a continuous manner and melts there at a very high speed, as a result of which a thin layer of alloy of parent material and powder forms on the surface of the element ( fig. 1) .
Fig. 1. The essence of LDT technology

Material and test method
The main purpose of the work was to determine the selected qualitative properties of padding welds produced in the laser metal powder deposition (LDT) technology, such as: microstructure, hardness and macrostructure. The padding weld was formed on a C45 non-alloy steel base.
The padding weld materials were Stellite 21, powder with 45÷180 µm gradation, and high-chromium high--carbon steel in the form of powder with 45÷180 µm gradation.
Chemical composition of the padding weld deposit is presented in tab. I and II. Multilayer laser welding was performed applying the standard RPMI 557 system for laser metal powder deposition. Technological production parameters are presented in tab. III. 
Results
Stellite padding weld
The padding welds had a regular, repeatable shape with particles of unmelted powder visible on the surface ( fig. 2) , which is characteristic for padding welds made of powder material. The padding welds made of high--chromium steel have a similar appearance.
The macrostructure of the N3 sample ( fig. 3) shows the execution of 14 layers from the fusion zone. Among the samples made with different parameters (tab. III), the N3 sample is distinguished by significant number of cracks inside the padding weld. The cracks nucleate already in the first layer from the base and reach the upper surface of the sample. These cracks are arranged in accordance with the direction of heat dissipation, particularly intensively to areas of the unheated base. Formation of cracks is the result of natural stress. To prevent cracks, annealing is used before or after laser modification of the workpieces.
Possibilities of cracks occurrence due to tensile stress in the surface layer in the case of materials with low thermal conductivity, such as Stellite, are presented in [8] .
The microstructure of the cross-section of the N4 sample ( fig. 4) is characteristic for the samples tested. The microstructure of layers of padding welds materials is dendritic ( fig. 5a ). The dendrite axes are consistent with the directions of heat dissipation during crystallization. Dendrites are fairly large in size and run across the boundaries of the layers, i.e. they retain their crystallographic directions, and subsequent layers do not inhibit their growth ( fig. 5b) . Dendrites have long main axes, but are weakly branched, which indicates rapid directional crystallization. At the boundaries of dendrite "packages" running in different directions, there is no shrinkage porosity or cracks. To assess the padding weld properties, the microhardness measurement ( fig. 6 ) was used in a cross-section perpendicular to the padding weld surface, i.e. from the external padding weld surface, through the metallurgical connection zone, to the steel base. 
High chromium steel padding weld
Unlike the Stellite padding weld, the high-chromium steel weld has no internal cracks at the sample production parameters applied.
Among the observed samples made with different parameters (tab. III), the S2 and S4 samples stand out having significant cracks in the edge padding weld areas including the first external layers ( fig. 7) . These are the places of the first contact of the padding weld material with cold surface, which must promote fast heat dissipation.
The cracks are arranged according to the shape of the welding of the padding weld material. Possibility of a tensile stress at the surface in chromium laser-melted steels is indicated by some studies [4, 8] . Structure of the padding weld material layers is dendritic, especially in the first layer closer to SWC. Large dendrites with axes directed towards heat dissipation during crystallization are visible. As in the case of the Stellite padding weld, dendrites are quite large and run across the boundaries of the layers.
The steel padding weld has a large structure diversity, resulting from different crystallization conditions of the material during the manufacturing process ( fig. 8) . It is possible to homogenize the structure by heat treatment. Similar situation occurs during production of elements in the selective laser melting technology -SLM, in which the heterogeneity of the layered structure has also been removed by homogenizing annealing [3] .
Microstructure of the cross-section of the S4 sample ( fig. 9 ) is characteristic for all accepted parameters of multilayer weld padding. The microhardness variability in both areas also indicates the heterogeneity of the padding weld structure and native material ( fig. 10 ).
Conclusions
Weld padding by laser deposition of metal powdered Stellite 21 and high-chromium steel by means of LDT technique allows for coating common construction materials with materials with high performance characteristics. Such coatings have repeatable shapes and geometry.
The assessment of the microstructure of sample cross-section surface after weld padding with the LDT technique indicates good metallurgical quality of the padding weld with a clear weld and small heat-affected zone, about 0.7 mm.
Microstructure of padding welds after multi-layer laser weld padding applying LDT technique is characterized by longitudinal, weakly branched, dendrites, associated with the directional process of heat dissipation, which proves the rapid directional crystallization in different directions.
Variable parameters of heat supply and dissipation can affect the heterogeneity of the padding weld structure, especially of high-chromium steel.
